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(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate members. 
The expansion member may include a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device seals with the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate members. Alternatively, the expansion member may be expanded by heating II 
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OCCUBIOR OF A VESSEL 

FwH ef thn Inwntian 

The pnmm mveotion rotate* gwareBy to the oo^son of . mrf withi, • patient, and moro specifically, 
to tn oppvatus and method of partiaBy or completely occluding a vassal. 
Daymen cHh* RpbtPH flr, 

Attempts horatofora hm baan mada to traat oeekisom in tha carat* ananas badinp to the brail. 
However, su* arteries have been vary difficult to treat because of the posritfty of d*od„np plaque which can 
enter various aneriai veaxei, of the brain end cause pen™ brain damege. Attempt, ,. trea, 6cctolon , 
with balloon engioploty have bean very theted because of such dangers. In surpral traaonems. such as 
endenerectomy. the carotid artery is tbt and ptoque b removed from tha vessel in the sfit area. Such surgical 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

I» other procedure such ., in engioplesty end in tbe treatment of peripheral arteries end veins, there is 
tha possibility that the guide wee, end catheter, used in such procedure, during deployment of the seme mey caose 
dbbdgement of debris or emboli which can flow downstream and Muse serious demage. such as stroke, if ,hwy 
occkida blood flow in smaler veoris. Thus, in summary, embolization end motion of microti downstream 
to en end oigen is e major concern of cardiologists during catheterizations. 

There is therefore need for new end improved apparatus and method t which make it possible to treat 
occkxted vessels without endangering the potent 

Summary of thn In— rtjnn 

Tho present invention satisfies the need for a device that occlude, e venal, in particular, a vessel in a 
patient u0de.-g.n9 therapeutic or other medical treatment. Any one of , number of different expansion members 
era joined to one or more elongate members such es hypotubes to form e device that completely or pertiaPy occludes 
a vasal within a patient. The espension member may be seH-espending, h may be expanded by engaging it with 
one of the elongate members, or h may be heeted to cause h to expand. A membrane preferably surrounds the 
exparuion mrnter so that e seel is made between tha membrane and the vessel. The perfusion of blood is allowed 
if the membrene » perforated. Partial occasion may be obtain* withart a mwnbren. if . what, expansion 
member b chosen. In general, in one Mpect 0 f the present invention, there b provided en apparent, and method 
that can be used whh approved diagnestic and thermic d»,«s to radue. the chance of emboli nugrating 
downstream Alternatively, the expansion member mev enchor an intravascular device within e vessel 

One embodiment of the present invention is e device for accenting a vascular segment ei which the device 
ineejde, en eipension member end first and «tond elongate mambers. The fast elongate nwmbw engage, the 
upansion member, end the second elongate member surrounds the first elongate memo*, with the eipension member 
expanding to occlude the vesculer segment when one of the elongate members b moved (ongnudinelly. The 
expansion member preferably mckrdes e breid. , col. a ribbon** structure, a stoned tube, a plurality of rib, or a 
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fdttr-iska mesh. The device mey abo include material that adjoins the expansion member for creating a partial or 
total seal with the vascular segment. 

In one particular embodiment the expansion member is in an unexpended stete when h is surrounded by 
the second elongate member, but expands when the first elongate member is pushed through the second elongate 
member. In another embodiment both the first and second elongate members are secured to the expansion member, 
end the expansion member expands as the first elongate member is retracted. 

Another embodiment of the invention is a method of occluding a segment within e vessel which includes 
the step of inserting first end second elongate members into the vessel ta be occluded (in which the first elongate 
member adjoins an expenskm rnernberl folowed by the step of varying the position of at least one of the elongate 
rnembers so that the expansion member expands until the vessel is completer/ or partially occluded. In one 
embodiment, the varying step includes retracting oni of the elongate members, and in another embodiment the 
varying step comprises pushing one of the elongate members through the other elongate member. In yet enothr 
method of occluding a segment within a vessel an expansion member is inserted within the vessel and the expansion 
member is heated to causa it to expand until the vessel is at least partially occluded. Heating the expansion member 
may involve, for example, passing electrical current through it or passing warm solution ovr or near it. 

Brief Description of the Drawings 

FIG. 1 is a side*ievational view h section of one embodiment of a catheter apparatus incorporating the 
present invention for treating ocduded vessels. 

FIG. 2 is a side-elevational view in section similar to FIG. 1 but showing the apparatus in FIG. 1 with the 
expansion member (in this case, a self-expandable seal) deployed. 

FIG. 3 is a stde-elevational view in section of another embodiment of a catheter apparatus incorporateig 
the present invention for treating ocduded vessels. 

FIG. 4 is a v«w similar to FIG. 3 but showing the expansion member On this case, a serf -expandable seal) 

deployed. 

FIG. 5 is a schematic, longitudinal cross sectional view of an embodiment in which a membrane only 
partially surrounds a braid used es the expansion member. 

FIGS. 6A and 6B show end views of unperf orated and perforated membranes, respectively. 

FIG. 7 is e schematic, longitudinal cross sectional view of an embodiment in which a braid without a 
rnernbrane is used. 

FIG. 8 is a schematic, longitudinal cross sectional view of an embodiment in which a filter-ike mesh is used 
es the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment in which a slotted tube is used 
es the expansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodiment of FIG. 9. 

FIG. 1 1 is a schematic, bngitud'eial cross sectional view of an ernbodenent in which e coil is used es the 
expansion member, and the proxrnal end of a memorane surrounding the coi adjoins the coiL 
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FIG. 12 is • id**.*, longitudinal cross wcrionul vim of an embedment r, which a coil it used as the 
>mntm member, and tha prounai end .1 , membrane surrounding the coi adjoins a shaath that surrounds both 
first and second elongate members. 

FIG. 12A is an embodiment sindar to that shown in 06. 12. a. which resistive heatmg a used to eipand 
the eipansion member, with current being conducted through wires being attadiad to either side of the expansion 
member. The expansion member as shown is partialy deplored. 

FIG. 12B is an embodiment sorter to that shown in FIG. 12A. in which resistive heatmg is used to eipand 
the expand member, with current being conducted through a «ro being attached to the distal end of the eipansion 
member and through e coating on the first elongate member. The eipansion member as shown is partialy deployed. 

FIG. 13 is > schematic side cross sectional view of an embodiment in which e plurality of ribbons are used 
as tht •ipanson member. 

HG. 13A is en embodiment similar to that shown in FIG. 13. n which a warm solution p, Ke , between 
the first end second elongate members to transfer he,, to ,(* emniint raujjnB h „ Mpjnd ^ 

eipansion member as shown is partially deployed. 

FIG. 13B is an embodrnent similar to that shown in FIG. I3A. m wtoh a warm solution passes through 
the first elongate member to trensfer heet to the eipansion member, causing it to eipand. The eipansion member 
as shown is partially deployed. 

FIG. 13C is an embodiment similar to that shown in FIGS. 13A and 138. in which a warm sehition passes 
through one or more lumens in the first elongate member to trensfer heat to the eipansion member, causing ft to 
eipand. The eipansion member as shown is partially deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodrnent « which a plurality of rt» are used 
as the eipansion member. 

FIG. 15 is an isometric view of an embodiment of the invention in which a pull wire is used to deploy a 
plurality of nonself-eipanding ribbons surrounded by a membrene. 

FIG. 16 is a side partial sectional view of the embodiment of FIG. 15 in which the ribbons aro in their 
relaxed, vndeployed position. 

FIG. 17 is e side olevational view of the embodrnent of FIG. 15 in which the ribbons are deployed, and the 
membrane makes a seal with the vessel 

FIGS. 18A and 18B show longitudinal and end perspective views, respectively, ol e locking mechanism used 
with a wire that deploys an expansion member. 

FIG. 19 is a perspective view of en alternative locking mechanism used with a wee that deploys an 
expansion member. 

FIGS. 20A. 20B. 20C. end 200 show, respectively, e braid, a filter ike mesh, a slotted tube, end e pkirelity 
of coos, which can be used as alternative eipansion members in place of the ribbons in the embodiment of FIG. 15. 
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Doteaod Das ltd Hon of the Preferred Embodiments 
The expansion members discussed herein include braids, ceils, ribs, ribbon-tte structures, slotted tubes, end 
fiteHike meshes. These expansion members may be partialy covered or comc4eteJy surrounded by e membrane or 
other covering to provide occlusion or seating of the vessel As used herein, *occkjsion M or "seaRng", and the lie. 
5 mean partial or complete blockage of fluid flow in a vascular segment, as it is sometimes preferable to allow 
perfusion. Moreover, such expansion members may be deployed by various mechanical means, electrical means or 
thermornechanical means, etu as described herein. Expansion members that ere deployed mechanically ere preferably 
•spring-Wee" in nature. La. they are preferably resilient to faciftate their deployment or retraction. 
Cothater Apparatuses end Seff-Esoandino Braids 

10 One embodiment of a catheter apparatus incorporating the present invention for treating occluded vessels 

is shown in Figures 1 and 2. As shown therein, the catheter apparatus 651 consists of a flexible elongate member 
652 whxh is provided with proximal and distal extremities 653 and 654. A conventional adapter 656 is mounted 
on the proximal extremity and is provided with a Touhy-Borst fitting 657 which is in communication with e large 
central lumen 656 extending from the proxenal extremity 653 to the distal extremity 654. An expiration fitting 661 

15 is provided on the adapter 656 as wed as an irrigation fitting 662, both of which ere in cornrntmicetion with the 
central lumen 658. However, it should be appreciated that if desired, separate lumens can be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding sesung mec ha r ttm 666 is mounted on the distal extremity 654. ThtTseH-ei pending suing 
mechanian 666 can take any suitable form. For example, es shown it can consist of a braided structure 667 formed 

20 of e suitable shape memory material such as a nickel titanium elby that wfll attempt to expand to a predetermined 
shape mumory. Other than shape memory materials, other materials such ts stainless stBii, Elgiroy ni , titanium or 
other materials can be utilized in the braid 667 as long as they have the capability of expondsig when the self- 
expanding seal mechanism is released. Also it should be appreciated that the self-expanding seal mechanism 666 
can be comprised of en absorbent material which when it absorbs seine or Wood expands to form a seaL Such 

25 seab can be readily accomplished because it is only necessary to form a seal of approximately 15 psi to prevent 
small particles from moving downstream. 

In order to prevent abrasion of a vessel, it is desirable to cover the braided structure 667 with e covering 
668 of a suitable material such as a polymer or a biocompatible coating which extends over the braided structure 
687 and which moves with the braided structure 667 as it expands and contracts. The polymer can be of e suitable 

30 material such as ticone, C flex, polyethylene or PET which would form s good sealing engagement with the wall 
of the enery. The covering 668 may be perforated to allow perfusion. 

A mechanism n provided for compressing the self-expanding seeing mechanism 666 so that the apparatus 
can be inserted into the vessel 481 and consists ol an elongate sleeve 771 having proximal and distal extremities 
772 and 773 and a bore 774 extending from the proximal extremity 772 to the distal extremity 773. A collar 776 

35 is mounted on the proximal extremity 772 of the sleeve 771 and b positioned near the adapter 656. The collar 776 
serves as a rnecranism for retracting the sleeve as shown in Figure 2 to uncover the serf -expanding sealing 
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m,daBam 666 >fter *■ eathB,er ta beBn to oemw tt» self - Kpl ndino Mb, mechan^n 666 to expand 

ind I erm a ml with the arterial vassal adjatant tha stanosis to be treated. 

Another embodiment of a catheter apparatus tor treatmg occluded vessels mcorperatng the present 
" mim * Jh0Wn " fiBures 3 *"» «• As shown therein, the apparatus 781 consist, of , ^ chater 782 
baring proximal and distal extrnmiu 783 and 784. As shorn, the distal eitremhy 784 is provided with a pre- 
formed bend of e conventional type. A conventional attachment 786 is mounted on the prom** , atKlit y 783 . 
SeH-expandimj seel mechanism 79 1 is mounted on the distal extramrty 784 and is of the type hereinbefore deserted 
in connection with the embodiments shown in Figures 1 and 2. A sleeve 796 setter to the sleeve 771 of the 
previous embedment is provided h the pmsant anted*** for encasing the self-expanding real mechanism 791 end 
for releasing tha same after it has bean disposed in an appropriate position within a vessel adjacent the ocdusion 
to be treated. Thus, e sleeve 796 is provided having proaimal and distal extremities 797 and 798 and having a bore 
799 extending from the pro.imal extremity to the distil extremity which is sized so that it can receive the guide 
catheter 782. It is provided with a collar 801 on its proximal axtremhy which is edapted to be disposed outside 
the patient end which is adapted to be grasped by the physician for pufing the sleeve 796 proximaVy to uncover 
the selkapanding seal 791 after the apparatus has been deployed to pemat the self-expansion of the sealing 
mechanism 791 to form a seal with the vessel wall as shown h Figure 4. 

m accordance with the hereinbefore described descriptions, it is apparent thai the apparatus can be readily 
deployed and serve the seme function as the main catheter. To accomplish this, the osssmtty 781 can be introduced 
into the fwnoral enery and the distal extremity advanced into the deseed location 01 the arterial vessel After it 
has been properly petitioned, the physician can retract the sleeve 796 to permit the self -expanding seel mechenism 
791 to expand and to form e seal with the wall of the arterial vessel to occsjde the arterial vessel and anemipt 
the flow of blood in the vessel to provide e working space distal of the occlusion formed. This prevents smal 
particles which may thereafter be dislodged from moving downstream. Since a central lumen is available, the 
therepeut* procedures hereinbefore described can be employed with tha catheter apparatus shown h Figures 1 2 
3 and 4. 

Although the self-expanding sealing mechanism 666 (7911 can ba deployed by retraeung the stem 771 
(796) as previously described, the sealing meehanism can else be deployed by pushing tha I Initio elongate member 
652 (guiding catheter 7821 through the sleev. ,0 that the sub, mechanism can expand. This may be the preferred 
way of deploying the sealing mechanism 666 (791|. if mtre « u clMranM bltWM0 tmi app , ntut 65 , m) ^ 
the vessel within which the epparatus resides, to reduce the risk of damaging the patient's vessel As discussed 
below in connection with subsequent figures, the seeing mechanism 666 (7911 may alt.mativeiy ctanprise members 
such as e col. a ribbon-ike structure, a slotted tuba, or a fiher-Ek. me* In each case, the sealing mechanism 
expands to partiall, or completely ocdude the vessel in question. 01 alternatively, to anchor an mtrevascubr device 
to the vessel. 



WO99/42059 ^ PCT/US99/03544 

Ahemem* SeH-Fraandino fefflfegj 

Another embodiment using • braced structure is shown schernaticaBy in FIG. 5, in which a f lexibie elongate 
member 20 s disposed within e second elongate member 24 such es a hypetube. A self expending mechanism 2B 
such as a braided structure is secured to the distal end ef the elongate member 20, pref erably within an indentation 
32 of member 20. The braided structure 28 is onhr partially encapsulated by a preferably elastomers membrane 
36 that makes e seal with the patient's vessel 40. (Alternatively, e coating such as a polymeric coating may be 
used in place of the mambranas disclosed herein.) In this end the other «mbodrnents, adhesive may be used to 
secure the self-expanding mechanism 28 and the membrane 36 to the elongate member 20. In the embodiment of 
FIG. 5, the braided structure 28 and membrane 36 are designed to be asymmetrical, with more material being 
concentrated at the proximal side of the structure 28. The braids of the embodiments disclosed herein may be 
stainless steel 304 or 400, suporotestie or heat activated ftlronol en iron base shape memory aBoy. or a polymer 
base, such as polyethylene or polypropylene. They may be constructed, for example, by using standard equipment 
such es a braider. 

Although the embodiment of FIG. 5 shows the ftaribio eloogate member 20 connected to e guidewire tip 
44, other technologies for guiding the device through the patient's vessel 40 may be used in this end the other 
embodiments, such es t guidewire (either over the wee or single operator) or the exchange catheter method, as b 
wel known in the ert. Also, although not explicitly shown in the embodiment of FIG. 5 and the other embodiments 
herein, tiwsa embodiments may include lumens, aspiration and rogation fittings, and collars ike those ikistrated in 
FIGS. \< 

The membrane 36 is preferebry impervious to the how of blood {FIG. 6a) for those opplications not requiring 
perfusion, although a pertoreted membrane 36* {FIG. 6b) heving numerous holes 37 therein may be used in other 
appfcatiens to allow the passage of Wood. The holes 37 are preferably greater than 10 microns in diameter and 
may be up to 80 microns or more in diameter to permit the passage of blood cells (nominally 6-10 microns in 
diameter) through the membrene 36' while blocking larger particutatas such es emboli Likewise, a pert oreted 
membranu 36' may be used in the other embodimems disclosed herein. Antrthrombogenic coatings can be used (ej., 
heparin) to prevent thrombosis formation. 

RG. 7 shows en embodinent in which a braided structure 50 is not enclosed by a rnembrane. When the 
braided structure 50 cornphses, for example, e diamond mesh pattern in which adjacent wires are separated by about 
10-80 rnicrons, the braided structure permits the passage of red blood ceUs, while blocking the flow of metter that 
may be undesirable. e.g„ tmbofi or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is well suited for applications fer which perfusion b required. 

Alternative self -eipanding media are shown in FIGS. 8 and 9. In FIGS. 8 and 9. a self-expanding filter-ike 
mesh 60 and a self-expanding slotted tube 72, respectively, ere surrounded by e membrane 62 that is preferably 
elastomeric. The lifter like mesh 60 (or slotted tube 72) and membrane 62 are bonded or otherwise secured to e 
flexfcle elongate member 64. e.g.. to an indentation therein. As with the other serf -expanding media disclosed herein, 
the filter-Ike mesh 60 (or slotted tube 72) expands frem its unexpended state when the flexible elongate member 
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84 • puhrt .hreuBh a second elongate number 66. or ah.rn.tiv.ly. when ,ha mond ton,,,, mentor 66 is 
mtrecred over the first elongate member 64. The filter*. mesh 60 for stoned tub. 721 then expands «, that the 
membrane 82 forms a seal with the .moundi, vassal 68. A grtewin. tp 70 aids in guiding the device through 
tha vessel 6B. The fiter-ft. mesh 60 and slotted tub. 72 are .< . suitable ,h.p, memory materia, such „ Nitmol 
m f304 or 400) slaimus steeL Tha f*er-Bc. muh 60 « ft™ . -tun uing mm „ mel wcel 

Th. dotted tub. 72 has a bttw*. appear.*,. The slotted tub. 72 may be eon«ruc,ed. for eumpte. by 
eradiating , thin-waled tube with a bur bum to form hobs in the tub. h the sup. of pofygons such as oblong 
quidriatenis. An unexpended, slotted tube 74 is shown in OS. 10. 

FIG. 1 1 llustratu another embodiment, in which a coil 80 serves as th. seif-ei P .ndr 6 mechanism. The 
coil 80 may be integrally formed with a first elongate member 82 or be otherwise specially joined to ft. e.g. by 
welding or brazing th. cod to the elongate muter 82. The eoi 80 is surrounded by a membrane 84 that expands 
wfth the coO when ft is pushed out of a second elongate member 86. or alternatively, when the ucond elongate 
■umber 86 is retracted from the coil 80. Thus. th. mambrau form, . seal with tha surrounding vassal 90. The 
membrane 84 may be ettached directly to th. first etongen member 82 or to a member 88 such as a disk that is 
in turn secured to the c.„ 80 or the firs, etong.t, mentor 82. A ouidewir. tip 92 for guiding the deviu throuah 
th. vessel 90 may be attached to the lest elongate member 82 or to the member 88. if on. is usW. 

An embodiment senior to that shown in FIG. 11 is Itastrated h FIG. 12. h which th. membnme 84 is 
suured at the proximal end to . separate , hMtn 94. OT |hjl ^ M ^ ^ f . j( mmiKt 

82 .re extended together over and through, respectively, th. second elongete member 86. Assembly may require 
preloading the coil 80 through the distal end of the second elongete member 86. 

Another embodenent that employs e self-eipending medium is shown in FIG. 13, in which a plurality of 
rftborn 100 make contact with a membrane 102 while they expand to urge the membrau towards the wall of the 
vesul 104 where ft nukes . seal. Th. ribons 100 of this embodiment are preferably secured to 0 first elongate 
member 106 at both ends of the ribbons, by. for example, ghring them in place. The rttou may be 0.001-0.004- 
x 0.005-0.020- x 0J5-1.0- strips of NitiooL stainless ste* or Ekjuy™ which expend when urged out of th. ucond 
elongate member 108. A guidewir. tip 1 10 mey be used for guiding the device through the vessel and is preferably 
secured to the distal end of the first elongate member 106. 

FIG. 14 feroetes en embedment similar to the one in FIG. 13. in which ribs 120 such ss wires form a 
series of semicuadar arcs when they expend. The ribs 120 are surrounded by a membrau 122 that expands wfth 
the ribs to form e seal wfth the vessel 124. The number of ribs 120 is pmferofafy .t best thru. The ribs 120 ere 
preferably attached directly to a first elongete member 124 that is surrounded by a second elongate member 126. 
The rib » 120 themselves are preferably made of e shape memory material such as Nitinol or stainless steeL A 
puidewire tip 128 aids in guiding the device through the vessel 130. 

As in the other self-expending embodiments, the sen-expending mechanism 100 (120) is in an unexpended 
state «*en enclosed by the ucond elongete member 108 f126). and expands when pushed or pulled beyond the 
second elongete member 108 (126). 
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jjiggaritHwyBato embodiments 

1 Hatt gflaaad embpdiwns 

FI6S. 12A and 12B Bustrate how electrical means an be used to generate boat to expand an expansion 
number. A first eJongate member 82' (and a coil BC wtich adjoins it* coil 80' and member 82' being similar to their 

5 unprimed counterparts) b preferably made of beat activated Nhirtol an iron base shape memory alloy, or another 
material that expands when exposed to heat. As shown in FIG. 12A, low profile, low resistivity electrical fines 81 
end 83 preferably pass either through or along the second elongate member 86 end are attached (e.g., soldered) to 
the first elongate member 82' on either side of the coll 80'. When current is applied through the electrical fines 81 
and 83 {the power supply b not shown but b preferably outside tha patient), the col 80' heats up through resistive 

10 heating, and the coil expands to urge the membrane 84 to contact the vessel wall 90. Alternatively, as shown in 
FIG. 12B, the first eJongite member 8? may have e coating 85 of gold or siver. In this embodiment the coated 
elongate member 82' b used to pass current (with most of the current preferably being carried by the coating 85, 
so that most of the energy b deposited in the coi 801 with the circuit being completed with a low resistivity wire 
87 that is preferably connected (e.g^ soldered) to either the second elongate member 86 or the sheeth 94. Thb 

15 principle of resistive heating to expand a expansion member can be appfied to the other embodiments disclosed herein 
as wen. 

FIGS. 13A. 13B, and 13C Ohistrate how heat transfer using a iquid can deploy an expansion member. The 
ribbons 100' ere preferably made of heat activated MrttnoL an iron base shape memory aioy, or another material that 
expends when exposed to heat In the embodiment of FIG. 13A, a worm saline solution 107 b passed between the 

20 first and second elongate members 106 and 108 and then over the membrane 102. so that heat is transferred to 
the ribbons 100'. As thB ribbons 100' heat up, they expand, thereby urging the membrane 102 against the vessel 
wan 104. As Bkistrated in FIG. 13B, the warm saane solution 107 may also be passed through the first elongate 
member 106 end then through holes 109 in member 106 so that the saline solution 107 more directly transfers heat 
to the ribbons 100'. In thb embodiment, one or more holes 1 1 1 in the membrane 102 (distal to where the seal with 

25 the vessel wall 104 b made) may be used to allow the saline solution 107 to flow eway beyond the rfcbons 100* 
after heat transfer to the ribbons occurs. As ilustrated in FIG. 13C, the seine solution 107 may ateo be passed 
through one or more dosed loop coils or lumens 1 13 within the first elongate member 106. In thb way, the ribbons 
100' and the patient's blood are not exposed directly to any sokition. Using heat transfer can also be eppbed to 
the other embodiments disclosed herein, provided the expansion member is suitably constructed. 

30 2. Mechanicaly deploye? embodimems 

tlther non-self -espanding seeling mechanisms that can be used for occluding a vessel are described below. 
In the embedment of FIGS. 1517. a first elongate member 140, preferably a pull wire, b (when the device b 
completely assembled) attached to a brace member 144 that b in turn attached to e first ring member 148. 
Adjoining the first ring member 148 end a second ring member 152 are a plurality of ribbons 156 that extend 

35 between the two ring members. Surrounding the ribbons 158 b a membrane 160 that forms a seal with the 
patient's vessel 162 when the rfcbons are expanded. The membrane 160 b joined to et least one and preferably 
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both of th. ring mantes 148 and 152. The nwmbmn. 160 «n b. joined t. ant, on. .1 ,h. ring mwnber, 148 
and 152. for example, when the moo**. 160 utm di far enough ki the tengttudmal deection t. pwm* ,he 
membrane to nuke a B ood seal with the vestal 162 whan tha ribbom 156 are deployed. 

To assemble the device, the first and second ring members 148 and 152. the ribbons 156. end the 
nwmbreo. 160 .r. pbcad « . «« , Jec(m d along,,. nwmbw 165. wt«d, h„ , ^ 0 , oppoijte)y ftang 
holes 170 end 172. The brace member 144 b earned throegh the hows 170 end 172 and secured to both tha 
pull wire 140 and the first ring member 148. Further, the second img member 152 is secured to the second 
elongate member 166. This assembled configuration, with the ribbons 156 in their bngitudinal orientation, is 
lostrsted in FIB. 16. As ik.str.ted h R6. 17. when th. pull wire 140 is retracted, the ribbons 156 (shown in 
Phantom) and the membrane 160 met summed, them are urged towerds the vessel 162. where the membrene metes 
a seel with th. ..»* The ribbons 160 ere preferably nam enough so that they rentrn ,hee bngrtudinal 
orientation when the pun wire 140 is released. Th, .bstfoty and resiionce of the pu. we. 140 ebo helps the 
rtoons 156 return to their undeployed configuration. A guidewk. tip 171 may be used to assist in guiding the 
device to the desired location in tha vassal 162. 

A preferred way of retracting the pub win 140 is shown in RGS. ISA end 188. FIG. 18A shows th. pull 
wee 140. which is attached to th. brae, member 144. A mutable handle 180 is attached to a locking member 
184 which » turn is fastened to th. pul wee 140. When the lockhg member 184 cbars th. wend elongate 
mwnbe- 166 within which it resides (which is preferably ouukt. the patknt). th. tockk* number and ro,.„ble 
hendle 180 may be oriented as ibustrat.d ei FIG. 188 to keep the puB wire 140 taught thereby preventing the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may b. made of stainless or nitnol 
and may have a diameter of 0.005-0.008 inches, for a catheter having an OH. of 0.014". for example. 

An alternative to the deployment apparatus illustrated in FIGS. 18A and 18B is shown in FIG. 19. » which 
a hand., member 190 is grasped by the clinician to retract the puR wire 140. thereby deploying the seeing 
mechanism. Once extended, th, seeing mechanism preferably has tha tendency to return to hs undeployed position, 
which at the process pulls the CtiS wire 140 back into tha second elongate member 166. This can be prevented by 
insertino a spacer member 194 between the hendle mwnber 190 and th. second elongate member 166. After the 
medical procedure is complete, and ocdusion of th. wssel is no longer required, the spacer member 194 con be 
removed and the pull wee 140 .nd th. awing meeh.nam returned to their respective undeployed positions. The 
device can then be removed from the patient. 

Ahhouph the principle of using a non-self-expanding mechanism has been ilustrated in FIGS. 15-17 with 
respect to deformaUe ribbons, other wn-selt-expandingnwctonisms. es ikatrotod h FIGS. 20A20D. can be employed 
in conjunction with the brec. member 144 .nd th. first and second ring members 148 and 152. For .xampfe. 
instead of using ribbons 1 56. a noo-seH-eipending braided structure 200 can be used, in which the braided structure 
200 adjoins first and second ring member, 148 and 152 and is covered with a membrane 160 to form tha unit 204 
shown in FIG. 20A. The unit 204 can be used in conjunct™ with en elongate member 166. e brace member 144. 
a goidswire tip 171. a first elongate member 140 soch as a putj wire, a routable handle 180. and a locking member 
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184 to form a rims analogous to tha ribbon-based device of FKL 15. Alternatively, other mechanisms can be used 
for aacuring tba pull wire 140, such as a handle member 190 and a spacer member 184. 

Other norvself-eipanding mechanisms such as a f *ter4ie mash 208. a slotted tuba 212. and cons 216 can 
be used to form units 220, 230, and 240 analogous to the braided structure unit 204 as shown in FIGS. 208. 20C. 
5 and 200. Units 220. 230. and 240 can Ekewtso be used to construct devices analogous to tha ribbon-based device 
illustrated in R6S. 15-19. Further, if unit 204 is used without a membrane, it may assist in blood perfusion if the 
braided structure 200 is suitably constructed. Aberoetivery, perforated tnambranas like membranes 36' of FIG. 6B 
may be used to permit blood perfusion. Although the ribbons 156. the braided structure 200. the fSter-ike mesh 
208, the slotted tube 212, and the coils 216 must be actively deployed (e.g. with a pull wire 140). they ere 
10 neverthiaess sender to their self-expanding counterparts. 

It should be understood that the scope of the present mention is not be emrted by the lustrations or the 
foregoing description thereof, but rather by the appended claims, and certain variations and modifications of this 
invention wl suggest themselves to one of ordinary ski in the art 
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WHAT IS CLAIMED g 

1. A doves for occluding a vascular women, comprising: 
an expansion member; and 

fret and second elongate members, wherein said first elongate ranter engages said expansion member and 
said second elongate member engages said first elongate member, tan expansion member expanding to at least 
partial occk.de the vascular segment when one of said elongate members is moved longirudinaey. 

2. The device of Claim 1. further comprising a tutorial that adjoins said expansion member for 
creating a seal with the vascular segment. 

3. The device of Claim 2. wherein seid materiel does not completely encapsulate said expansion 

member. 

4. The device of Mm 1, wherem said expansion member b i ffitar-fta mesh attached to an 
indentation withh said first riongete mender. 

5. The device of Claim 1. wherein said expansion member is in an unexpended state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5. wheren setd expansion member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Bern 5, wherein said expansion member is self-expanding. 

8. The device of Claim 7. wherein said seJtapandinB member comprises a member selected from the 
Broup censbting of a braid, a coi a ribbon like structure, a slotted tube, a pluraity of ribs end a fiter-ile mesh. 

9. The device of Claim 1. wherein said second eionoate member b also secured to said expansion 

member. 

10. The device of Claim B, wherein said expansion member expands es said first eionoate member b 

retracted. 

11. The device of Claim 9. wherein said expansion member comprises a mentor selected from the 
group costing of a braid, a pkrality of coils, a ribbon Ae structure, e slotted tuba, and a fiteMike mesh. 

12. The device of Baku 9, wherein said expansion member expends as the relative position of said 
first and second elongate members changes. 

13. A method of occluding e xaynent within a vessel comprising: 

inserting first and second elongate members into the vessel wherein the first elongate member adjoin en 
expansion member; and 

varying the position of at least one of the elongate members so that the expansion member expands untl 
the vessri b occluded. 

14. The method of darn 13, r. which said varying step comprises retracting one of the elongate 

members. 

15. The method of Claim 14. in which said retracting one of the elongate members causes the 
expansion member to expend. 
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16. The method of Claim 14, in which the expansion member adjoins both elongate rmmbars, and the 
relative posroen of the elongate rnvmber s b varied to expand tht expansion mernber unta the vessel is ecckidtd. 

17. The method of Claim 13, in which said varying step comprises pushing one of the elongate 
members through the other elongate member. 

5 18. The method of Claim 13. further comprising: 

pari omang a medical procedure near the ocduded site; and 

retrieving the elongate members and the expansion member from the vessei. 

19. A method, comprising: 

inserting en expansion member within the vessel; end 
10 heating the expansion member to cause it to expand urn! the vessel n at toast partially ocduded. 

20. The method ol CJarn 19, m which the expansion member h comprised of e material selected from 
the group consisting of heat activated Nitinol and an iron base shape memory alloy. 

21 . The method of Claim 19, in which said heating the expansion member comprises passing electrical 
current through it. 

15 22. The method of Cbim 19, in which said heating the expansion member comprises flowing warm 

solution near the expansion member to host up the expenston member. 
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